ABSTRACT
Introduction
The phenomenon of ischemia/reperfusion has a fundamental role in many situations experienced by surgeons, anesthetists and intensive care specialists, such as peripheral vascular insufficiency, acute myocardial infarct, hypovolemic shock, mesenteric ischemia and transplantation. Many newborns suffer cardiac arrest and cerebral ischemia as a consequence of low intestinal flow with significant ischemia followed by reperfusion after a varying period of time. Different degrees of lesion result from such ischemia/reperfusion phenomena (I/R). It is believed that ischemia/reperfusion is important in the etiopathogenesis of neonatal necrotizing enterocolitis, which is the most common gastrointestinal emergency in neonatal intensive care units 1 . This condition may lead to large-extent resection of the intestine 2 . The children who survive such resections may develop the so-called short bowel syndrome. In addition to the mortality presented by this syndrome, its morbid effects ends up definitively compromising the child's weight-height development, with implications also for neuropsychomotor development. Even though the restoration of the blood flow to an organ presenting ischemia is essential for preventing irreversible cell damage, ischemia followed by reperfusion causes significant tissue lesions 3 . Several studies have shown that these lesions are basically caused at the moment of the reperfusion 4 . Reperfusion lesions, unlike ischemic lesions, may produce systemic alterations such that the reestablishment of the blood flow to an ischemic area may cause damage to the whole organism 5 . On the other hand, there have been reports that, after 30 minutes of ischemia, there are tissue lesions visible under an optical microscope that are potentially reversible 6, 7 . The full or partial participation of free radicals in microvascular lesions has been demonstrated, along with their participation in parenchymatous cells of tissue subjected to ischemia, through the hypoxia-reoxygenation process [8] [9] [10] [11] . There are still doubts whether vascular lesions would or would not be accompanied by lesions of the intrinsic nervous system of the intestine 11 , especially with regard to the myenteric plexus (Auerbach) and submucous plexus (Meissner), with consequent modification of the intestinal motility. Lesions of the nervous system have been described following ischemia/ reperfusion [12] [13] [14] , and many substances have been studied with a view to diminishing or avoiding these ischemia/reperfusion lesions 11, [15] [16] [17] . However, it is not fully known what the characteristics of enteric nervous system lesions are, how they occur, and whether such damage is total or causes alterations to cell populations in the intestinal ganglia. On the basis of these facts, it was decided to study tissue lesions, especially those of the intestinal innervation, in an excluded jejunal loop subjected to ischemia and reperfusion in rats.
Methods
Eighty adult male Wistar EPM-1 rats (Rattus norvegicus albinus), weighing between 250 and 350g, and aging around 100 days were utilized. They came from the Development Center for Experimental Models for Medicine and Biology of the Federal University of São Paulo. All the animals were acclimatized and kept in controlled conditions of light, temperature, and receiving standard food and water ad libitum. After being placed under a fasting regime for 24 hours in relation to solid food, all the rats were anesthetized with ketamine and xylazine, at doses of 60 and 10 mg/kg of body weight, respectively, and were subjected to exploratory laparotomy.
Experimental design
To evaluate the role of ischemia and reperfusion lesions in an excluded intestinal loop, four groups of 20 rats were set up: control group (GCEI7) and three experimental groups (GIREI7, GIREI14 and GIREI28). They were all subjected to exclusion of an intestinal segment of six centimeters in length, at a distance of 10 centimeters from the Treitz angle. The 60 animals in the three experimental groups were additionally subjected to ischemia of the vascular pedicle for 30 minutes. The control group and the experimental group GIREI7 were evaluated on the 7 th day after the operation. The groups GIREI14 and GIREI28 (which also underwent ischemia) were utilized to evaluate the evolution of the lesion over time, on the 14 th and 28 th days after the operation, respectively.
Exclusion of the intestinal loop
At a distance of ten centimeters distally from the duodenaljejunal junction, an intestinal loop of six centimeters in length was isolated. The intestinal passage was reconstructed by means of enteroenteral anastomosis in a single plane, utilizing prolene 6-0 thread. From the intestinal segment that was excluded from the passage, a sample of 0.5 cm in length was removed at each end (proximal and distal). These were fixed in a 10% formol solution for subsequent histological evaluation. The distal lumen of the loop that was isolated was stomatized and the proximal lumen was closed using prolene 6-0 stitches.
Ischemia and reperfusion of the excluded loop
The excluded segment was subjected to ischemia for thirty minutes in the groups GIREI7, GIREI14 and GIREI28, with clamping of these intestinal vascular pedicle. Twenty-four hours after the surgery, appropriate diet was introduced and the rats were kept in individual cages throughout the postoperative period.
Second surgery and euthanasia
Animals from groups GCEI7 (control) and GIREI7 underwent reoperation after 7 days, by means of exploratory laparotomy to assess and remove two rings of 0.5 centimeters in length from the isolated loop. The same procedure was done after 14 days and 28 days for groups GIREI14 and GIREI28, respectively. After the second surgical procedure, the rats in all groups were submitted to euthanasia under anesthesia by means of exsanguination.
Histological analysis
Following the surgical procedures, the intestinal rings removed during the first and second surgical procedures were sent for analysis to the Department of Pathological Anatomy of the Federal University of São Paulo. Histological evaluation was done by means of hematoxylin-eosin (HE) staining, and immunohistochemical evaluation was done by means of protein S-100. Protein S-100 is specific for nerve tissue and is detected in the Schwann cells surrounding the myelinated and nonmyelinated nerve fibers and in the satellite cells around the ganglion cells. It is a marker of the perineural elements of the nervous system, and can also be found in tumors of the nervous system. In this evaluation method, the ganglia stain brown and the ganglionic cells stain purple (negatively) [18] [19] [20] [21] [22] . The detection method utilized for protein S-100 was the one described by Rocha in 2001 21, 22 . Counts of the following were conducted for all groups in relation to both surgeries (in high magnification fields -400x): neural ganglia in the myenteric plexus and submucous plexus; and ganglionic cells in the myenteric plexus.
Statistical analysis
Non-parametric tests were utilized for the data analysis, taking into consideration the nature of the variables. To compare the variables analyzed at the pre and post-procedure times for each group separately, the Wilcoxon test was utilized. To compare the percentage variations [Ä%= (post -pre)/pre X 100] in the numbers of ganglionic cells in the myenteric plexus on the 7 th day after the procedure for the groups GCEI7 and GIREI7, the Mann-Whitney test was utilized. To compare the percentage variation in the ganglionic cells of the myenteric plexus on the 7 th , 14 th and 28 th days after the procedure for the groups GIREI7, GIREI14 and GIREI28, the Kruskal-Wallis test was utilized.
Results
It was observed a decrease in the number of ganglionic cells in the myenteric plexus in the group subjected to ischemia and reperfusion (GIREI7), in relation to the control group (GCEI7) at the 7 th post-operative day (Mann-Whitney test: p = 0.0173 * -Table 1 - Figure 1 ). Comparing the numbers of ganglionic cells in the myenteric plexus before and after jejunal loop exclusion (GCEI7 -Wilcoxon test: p = 0.0577) and comparing the numbers of ganglionic cells in the myenteric plexus before and after ischemia (GIREI7 -*p = 0.0399). Comparing the percentage of variations in ganglionic cells in the myenteric plexus on the 7 th , 14 th and 28 th days after the procedure, in the groups GIREI7, GIREI14 and GIREI28, it was observed that there were no significant alterations (KruskalWallis test: p = 0.6501 -Table 2 - Figure 2) . However, It was significant the difference comparing the numbers of ganglionic cells in the myenteric plexus before and after ischemia, (GIREI14 -*p = 0.0047 and GIREI28 -*p = 0.0413 -Wilcoxon test). Immunohistochemical staining of ganglionic cells are showed for Control and Experimental groups in figures 3 and 4, respectively. TABLE 1 -Immunohistochemical evaluation (protein S-100) of the numbers of ganglionic cells in the myenteric plexus in control group (GCEI7) and experimental group (GCIREI7) both at the 7 th post-operative day. It was calculated the variation of the number of the ganglionic cells between pre and post-operative period (∆%=[(Pós-Pré)/Pré]x100) FIGURE 2 -Percentage of animals from all groups (GCEI7, GIREI7, GCIREI14, and GCIREI28), at the 7th, 14th, and 28th postoperative day, respectively, that showed decreased number of ganglionic cells. 
Discussion
Ischemic lesions of the intestine may be reversible or irreversible, depending on the length of time for which the tissue has been exposed to hypoxia. We utilized histological analysis since this is the method most utilized for evaluating the degree of tissue lesion caused by the phenomenon of ischemia/reperfusion. When there is a loss of vascularization, there is generally an associated loss of innervation 23, 24 . In our experimental model for provoking ischemia/reperfusion, we were able to observe this, especially when comparing the group GCEI7 (control) with the group GIREI7, on the 7 th day after undergoing ischemia/ reperfusion. The results indicate to us that the lesions caused by ischemia/reperfusion give rise to decreased numbers of ganglionic cells in the myenteric plexus. This may have the consequence of alterations in intestinal motility, since these cells are essential for transmitting nerve impulses for generating peristaltic movement 23, 24 .
Conclusion
There was a decrease in the number of ganglionic cells in the myenteric plexus due to ischemia and reperfusion that did not recover in the late post-operative period.
